The aim of this study was to investigate the influence of dissolution medium on the in vitro release of lamivudine (100 mg) from four commercially available lamivudine tablets (one reference and three generic). Three different buffer solutions (pH 1.2, 4.5, 6.8) and deaerated water were used as the dissolution media (900 mL), and the paddle rotation speed was kept at 50 rpm with twelve replicates. An RP-HPLC method was developed for analysis of lamivudine in samples obtained from dissolution studies. The mobile phase consisted of acetonitrile/water (10:90) pH adjusted to pH 2.5 with o-phosphoric acid, a C 18 column (Ace 250 × 4.60 mm, 5 µm) was used, and the flow rate was set at 1 mL/min. All the drugs tested were very rapidly dissolving (more than 85% of the labeled amount in 15 min), and the dissolution profiles of the generic tablets were thus considered similar to that of the reference tablet in each of the buffers at pH 1.2, 4.5, and 6.8, and deaerated water. Because of the dissolution results and the high solubility and borderline permeability, a biowaiver can be proposed for lamivudine immediate-release solid oral dosage forms provided that the excipient composition of the test product is the same as or similar to that of the reference product and the excipients that have an effect on bioavailability are qualitatively and quantitatively the same as that of the reference product.
INTRODUCTION
T he dissolution test measures the time required for a given drug in an oral solid dosage form to go into solution under specified conditions (1) . For an immediate-release (IR) solid dosage form (e.g., tablets, capsules), in vitro dissolution tests are used to (1) determine the batch-to-batch quality of a drug product, (2) guide the development of new formulation, (3) ensure continuing product quality, and (4) support the bioavailability of a new product and the bioequivalence of a generic product (2, 3) .
The Biopharmaceutics Classification System (BCS) was developed by Amidon et al. (4) to classify drug substances according to their aqueous solubility and intestinal permeability. In 2000, FDA published a guidance for industry (5) stating that demonstration of in vivo bioavailability or bioequivalence may not be necessary for highly soluble and highly permeable Class I substances in IR solid oral dosage forms that exhibit rapid in vitro dissolution. Also, if the drug substance exhibits high solubility and limited absorption, the EMEA guideline (3) allows BCS biowaivers for Class III substances in IR drug products in addition to BCS Class I biowaivers. Although it is not a regulatory organization, the World Health Organization (WHO) suggested that BCS-based biowaivers can be considered for Class I-III drug products under certain conditions. WHO collated a draft proposal (6) to waive in vivo bioequivalence requirements for the WHO Model List of Essential Medicines IR, solid oral dosage forms.
Lamivudine, a nucleoside reverse transcriptase inhibitor, is used in combination with other antiretroviral agents to treat human immunodeficiency virus Type 1 (HIV-1) infection in patients with acquired immunodeficiency syndrome (AIDS) and as monotherapy in the treatment of hepatitis B virus infection (7) . There are conflicting reports regarding the BCS classification of lamivudine. It is classified as both BCS Class I (6) and BCS Class III (8) . Because of its high solubility (300 mg dissolved in less than 75 mL of solution at pH 1-7.5) and borderline permeability (82-88% bioavailability in adults), lamivudine is classified as BCS Class III by Strauch et al. (7) . According to the Biopharmaceutics Drug Disposition Classification System that categorizes drugs by their extent of metabolism and solubility, lamivudine is classified as Class III compound (9) . Lamivudine drug products fulfill the criterion of very rapidly dissolving (more than 85% of the labeled amount of the drug dissolved within 15 min in each required medium). Based on solubility, permeability, and dissolution results, the authors concluded that a biowaiver for lamivudine is acceptable under certain conditions (7) . Furthermore, lamivudine is listed in the WHO Model List of Essential Medicines (6) and is suggested as eligible for BCS-based biowaiver.
Lamivudine was originally formulated as tablets in three strengths (100, 150, and 300 mg). In the Turkish drug market, both original tablets (100 and 150 mg) and several generic formulations (100 and 150 mg) are commercially available. The main objective of this study was to investigate the influence of dissolution medium on the in vitro release of lamivudine (100 mg) from four commercially available lamivudine tablet formulations (one reference and three generic). The dissolution profiles of test and reference tablets were compared according to the dissolution criteria for biowaivers based on the BCS. In addition, a reversed-phase HPLC method was developed and validated for precise and accurate measurement of lamivudine in the samples.
MATERIALS AND METHODS

Chemicals
Lamivudine was received as a gift sample from SanovelTurkey. Hydrochloric 
Dissolution Media and Test Apparatus
Dissolution studies on the test and reference tablets were conducted using a Pharmatest DT-70 USP Apparatus 2 (paddle method) with twelve replicates at 37 ± 0.5 °C. Three different buffer solutions (pH 1.2, 4.5, 6.8) and deaerated water (10) were used as the dissolution media (900 mL), and the paddle rotation speed was kept at 50 rpm. In all experiments, 2-mL samples were withdrawn at predetermined time intervals (5, 10, 15, 20, 25, 30, 40, 50 , and 60 min) and replaced with an equal volume of fresh medium to maintain a constant total volume. After filtration, the concentrations of lamivudine in samples were determined by a validated HPLC method.
Chromatographic Conditions
Analyses were performed on a Thermo Finnigan Surveyor HPLC system (LC pump, autosampler, UV-vis detector). A C 18 column (ACE 250 × 4.60 mm, 5-µm) was used, and the mobile phase consisted of acetonitrile and water (10:90 v/v) adjusted to pH 2.5 with o-phosphoric acid. Analyses were run at a flow rate of 1.0 mL/min, and the UV detector was set at 270 nm. The injection volume was 10 µL, and the total run time for an assay was 10 min.
Standard Solution Preparation
Separate calibration curves were constructed for all dissolution media (pH 1.2, 4.5, 6.8, and deaerated water). Stock solutions in each dissolution medium were prepared by transferring 30 mg of accurately weighed lamivudine to separate 50-mL volumetric flasks and bringing each to volume with one of the four dissolution media. From the main stock solutions, secondary stock solutions with concentrations of 10 and 100 µg/mL were freshly prepared every week. The standard solutions were prepared daily by further diluting the secondary stock solutions with mobile phase to 1 mL. Concentrations of the standard solutions used for calibration were in the range of 1-60 µg/mL.
Analytical Method Development and Validation
The determination of lamivudine from dissolution samples was carried out under the chromatographic conditions given above. During method development, different mobile phase combinations were tested, and calibration studies were conducted daily. The developed method was validated for linearity, accuracy, precision, range, and specificity parameters. Linearity of the calibration curves was obtained for each dissolution medium, and the linearity of the method was determined at seven different concentration levels (1-60 µg/mL) by performing six independent repetitions. Accuracy of the method was demonstrated by intra-and inter-day recovery studies. For this purpose, known amounts of lamivudine were added to lamivudine tablet dissolution samples and determined by the developed method. Precision of the method was determined from the results of three independent determinations of lamivudine at three different concentrations (5, 20 , and 40 μg/mL) on three different days. Precision was assessed by calculating the relative standard deviation (RSD) of the measurements. To show the specificity of the method, chromatograms of pure lamivudine standard solutions and lamivudine tablet dissolution samples were compared.
RESULTS AND DISCUSSION
Method Development and Validation
Various mobile phase compositions have been reported (11) (12) (13) (14) (15) for the determination of lamivudine by HPLC. In our study, mixtures of acetonitrile and water in different ratios were tested, and the combination that gave the most favorable retention time was selected. To obtain the optimum chromatographic peak area and retention time, the selected mobile phase combination was tested at different pH values (2.5-5.5). Based on the results, a mixture of acetonitrile/water (10:90) at pH 2.5 was selected as the mobile phase. A flow rate of 1.0 mL/min, an injection volume of 10 µL, and a detection wavelength of 270 nm were the most suitable conditions for analysis of lamivudine. System suitability tests such as column efficiency (theoretical plates) and peak tailing were estimated from the chromatograms. The peak tailing (1.05) and column efficiency (N = 3821) values show that the method is suitable for the determination of lamivudine. The method was validated according to ICH guidelines (16) . Validation results demonstrate that the method is linear in the concentration range of 1-60 µg/ mL for all dissolution media ( Table 1) . The values obtained for relative standard deviation (RSD) and recovery of intra-and inter-day studies indicate that the precision and accuracy of the method are satisfactory ( Table 2 ). The chromatograms obtained from standard solutions were identical to those obtained from the tablet dissolution samples containing an equivalent concentration of lamivudine. The representative chromatograms (Figure 1) show that there is no interference from excipient peaks at the retention time of lamivudine and retention times did not change. Based on these results, the proposed method is considered selective.
Dissolution Studies
A BCS-based biowaiver is applicable for an IR drug product of both Class I (FDA, EMEA) and Class III (EMEA) compounds (3, 4) . For Class I (high solubility and high permeability/complete absorption) drugs, drug products must show either very rapid (>85% within 15 min) or similarly rapid (85% within 30 min) in vitro dissolution characteristics for both test and reference products in pH 1.2, pH 4.6, and pH 6.8 dissolution media. For BCS Class III drugs (high solubility and low permeability/limited absorption), the drug product must show very rapid (>85% within 15 min) in vitro dissolution for both test and reference in three dissolution media (pH 1.2, 4.5, 6.8).
According to the guidelines, if more than 85% of the labeled amount of drug substance in an IR drug product is dissolved within 30 min, dissolution profiles of test and reference products should be compared by a similarity factor (f 2 ). The similarity factor is a logarithmic reciprocal square-root transformation of the sum-of-squared error and is a measurement of the similarity in the percent (%) dissolution between the two curves. Two dissolution profiles are considered similar if the f 2 value is ≥50. However, when 85% or more of the labeled amount of both test and reference drug products dissolves in ≤15 min using the recommended dissolution media (pH 1.2, pH 4.6, and pH 6.8), dissolution profiles are considered similar without any mathematical calculation (3, 5) .
In the present study, dissolution was performed on four commercially available lamivudine tablets (one reference and three generic) available in the Turkish drug market. The dissolution profiles of the reference and test drug products of lamivudine (100 mg) are shown in Figure 2 . The dissolution of lamivudine from the tablets was pH independent, and more than 85% of the labeled amount dissolved within 15 min in the three dissolution media (pH 1.2, 4.5, and 6.8 media) and in deaerated water. Therefore, a mathematical comparison of the dissolution profiles of lamivudine obtained in pH 1.2, 4.5, 6.8 buffers and deaerated water was not necessary. Based on these results, all the drugs tested are very rapidly dissolving (more than 85% of the labeled amount in 15 min) and dissolution profiles of the generic tablets are considered similar to that of the reference tablet in each of the buffers and deaerated water.
Excipients may have a significant effect on the bioavailability of compounds. It is reported (17-23) that commonly used excipients have no significant effect on bioavailability, but excipients such as surfactants, mannitol, polymers, and cyclodextrins have an effect on bioavailability. According to the guidelines, excipients that might affect bioavailability must be qualitatively and quantitatively the same, and other excipients must be qualitatively the same and quantitatively very similar for both BCS Class I and III (3, 5) for a BCS-based biowaiver. If the excipients may have an effect on gastrointestinal transit time (e.g., mannitol, sorbitol), absorption (e.g., surfactants), in vivo solubility (e.g., co-solvents), or in vivo stability of the active substance, an in vivo bioequivalence study should be conducted unless the differences in the amounts of these excipients can be adequately justified. For lamivudine, it was reported (7) that the excipients (e.g., microcrystalline cellulose, sodium starch glycolate, magnesium stearate) present in lamivudine IR solid oral dosage forms with a marketing authorization in various countries (i.e., EU countries, the United States) seem to be safe and not significantly affect lamivudine absorption when present in amounts typical for IR tablets.
According to the FDA database (10), there are two different dissolution methods for lamivudine tablets of different strengths. For 100-and 150-mg lamivudine tablets, dissolution testing should be carried out in a paddle apparatus at 50 rpm using 900 mL of deaerated water. On the other hand, for 300-mg lamivudine tablets, dissolution studies should be carried out in a paddle apparatus at 75 rpm using 900 mL of 0.1 N HCl. Dissolution studies of three different lamivudine tablets (150 mg) were performed according to WHO (7) in a paddle apparatus at 75 rpm using three different dissolution media (pH 1.2, 4.5, 6.8). In this study, we examined the dissolution behavior of lamivudine from 100-mg tablet dosage forms (one branded and three generics) in 900 mL of the media deaerated water and pH 1.2, 4.5, and 6.8 buffers with a paddle apparatus at 50 rpm. Although we performed dissolution studies for a different strength (100 mg) using a different rotational speed (50 rpm), the results obtained from pH 1.2, 4.5, and 6.8 dissolution media were similar to those of Strauch et al. (7) . In addition, all lamivudine tablets were very rapidly dissolving in deaerated water.
CONCLUSIONS
The validation procedure is an integral part of analytical method development. Therefore, the method was validated according to the guidelines. A simple, fast, and reliable HPLC method was developed in the present study.
The method showed good performance with respect to linearity, accuracy, precision, and selectivity, and hence, it is suitable for dissolution studies.
All the tested formulations are very rapidly dissolving (more than 85% of the labeled amount in 15 min), and the dissolution profiles of the generic tablets are similar to those of the reference tablet in each of the buffers at pH 1.2, 4.5, and 6.8 and in deaerated water. This, in combination with high solubility and borderline permeability, can justify a biowaiver for lamivudine provided that excipient composition of the test product is the same as or similar to that of the reference product and excipients that have an effect on bioavailability are qualitatively and quantitatively the same as those in the reference product.
